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upon transiation of the piston in the longitudinal direction
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1
HYDRAULIC DAMPER FOR ELECTRICAL
SWITCHING APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to electrical
switching apparatuses, and more particularly to an adjustable
hydraulic damper, as well as a method of adjusting the
hydraulic damper.

A hydraulic damper, such as an oil damper, may be
employed to stop a high speed object in a short distance and
absorb a shock associated therewith. The hydraulic damper
may include a damper enclosure for a chamber defined by an
inner wall of the damper enclosure. Typically, the inner wall
is cylindrical and has a substantially uniform cross-sectional
area with a piston located within the chamber. The shock
absorption function results from a dampening force that is
dependent on several variables, including fluid viscosity, pis-
ton length, piston diameter, a gap between the piston and the
inner wall of the chamber, and piston velocity.

Various applications employ a hydraulic damper and com-
prise distinct mechanical characteristics which make the
desired initial dampening force of the hydraulic damper dif-
ferent based on the particular application. Often, operators
must manually add or switch damper arrangements for the
application until obtaining satisfactory characteristics after
testing the application. Unfortunately, this effort is time con-
suming and costly.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, a hydraulic
damper for an electrical switching apparatus includes a
damper enclosure including an inner wall. Also included is a
chamber defined by the inner wall, the chamber having a first
end, a second end. Further included is a tapered portion of the
chamber extending from a tapered portion initial end to a
tapered portion terminal end, the tapered portion angled
inwardly in a direction from the first end toward the second
end of the chamber. Yet further included is a press rod at least
partially disposed within the chamber. Also included is a
piston having a piston outer surface and disposed within the
chamber and having an initial position adjustable in a longi-
tudinal direction of the chamber. Further included is a gap
defined by the piston outer surface and the inner wall, wherein
adjustment of the piston in the longitudinal direction adjusts
the gap.

According to another aspect of the invention, a hydraulic
damper enclosure includes a chamber defined by an inner
wall of the hydraulic damper enclosure and having a first end
and a second end, the chamber extending in a longitudinal
direction of the hydraulic damper enclosure. Also included is
a tapered portion of the chamber defining a varying cross-
sectional area. Further included is a piston having a piston
outer surface and disposed within the chamber proximate the
tapered portion. Yet further included is an adjustable gap
defined by the piston outer surface and the inner wall.

According to yet another aspect of the invention, a method
of adjusting an initial position of a piston of a hydraulic
damper is provided. The method includes engaging an adjust-
ment component operatively coupled to an end of a piston
configured to rotate about a threaded engagement. The
method also includes translating the piston in a longitudinal
direction upon rotation of the adjustment component. The
method further includes adjusting a gap defined by a piston
outer surface and an inner wall of a chamber upon translation
of the piston in the longitudinal direction.
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These and other advantages and features will become more
apparent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter, which is regarded as the invention, is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The foregoing and other
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a partial cross-sectional view of a hydraulic
damper;

FIG. 2 is a top sectional view taken along line 2-2 of FIG.
1; and

FIG. 3 is a flow diagram illustrating a method of adjusting
an initial position of a piston of the hydraulic damper.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a hydraulic damper is illustrated and
generally referred to with numeral 10. The hydraulic damper
10 is employed to affect a moving object by resisting motion
via viscous friction imparted by a fluid, such as oil, for
example. The hydraulic damper 10 may be used in many
applications and in one embodiment is used in conjunction
with an electrical switching apparatus (not illustrated). More
particularly, the hydraulic damper 10 may be configured to
associate with movable members of a circuit breaker.

As shown, the hydraulic damper 10 includes an enclosure
12 having an outer wall 14 and an inner wall 16. The inner
wall 16 defines a chamber 18 extending from a first end 20 to
a second end 22 in a longitudinal direction 24. At least a
portion of the inner wall 16 comprises a tapered portion 26
that is disposed at an angle to the longitudinal direction 24.
Specifically, the tapered portion 26 extends from a tapered
portion initial end 27 to a tapered portion terminal end 29 and
angles inwardly in a direction from the first end 20 to the
second end 22 of the chamber 18. The tapered portion 26 of
the chamber 18 may form simply a portion of the entire length
of the inner wall 16 or may span the entire distance of the
chamber 18. Specifically, the tapered portion initial end 27
and/or the tapered portion terminal end 29 may be located
proximate the ends 20, 22, or at any intermediate location
relative to the ends 20, 22. It is contemplated that the tapered
portion 26 angles outwardly in a direction from the first end
20 to the second end 22 of the chamber 18, but the inwardly
angled embodiment is illustrated and will be described for
purposes of description.

The chamber 18 may be formed in numerous cross-sec-
tional geometries. In one embodiment, the chamber 18 com-
prises a substantially circular cross-sectional area. However,
the tapered portion 26 of the inner wall 16 provides a varying
cross-sectional area within the chamber 18. In an embodi-
ment comprising a substantially circular cross-sectional area,
the tapered portion 26 provides a varying diameter for at least
a portion of the chamber 18. The benefits associated with the
varying cross-sectional area will be appreciated from the
description below.

The hydraulic damper 10 includes a piston 28 disposed in
the chamber 18, the piston 28 having a rod portion 30 extend-
ing in the longitudinal direction 24 and through an aperture 32
proximate the first end 20 of the chamber 18. The rod portion
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30 is operatively coupled to the enclosure 12 proximate the
first end 20 of the chamber 18. More particularly, the rod
portion 30 is engaged with the aperture 32 in a sliding rela-
tionship, such that the rod portion 30 is free to translate
through the aperture 32. One or more sealing components
(not illustrated) may be included at an interface between the
rod portion 30 and the aperture 32 to facilitate sealing of the
chamber 18.

The piston 28 and the rod portion 30 include a hollow
portion 38 extending axially therethrough in the longitudinal
direction 24. The hollow portion 38 is configured to fittingly
receive and retain a press rod 40 therein. The press rod 40
includes a press rod outer surface 42 that, in one embodiment,
is substantially cylindrical but in any event, the shape corre-
sponds to the shape of the hollow portion 38. In this manner,
the press rod 40 and the piston 28 are coaxially aligned in one
embodiment. It is contemplated that the piston 28 is partially
disposed within a hollow portion of the press rod 40. In either
event, the press rod 40 extends from a press rod first end 42 to
a press rod second end 44. The press rod first end 42 extends
to an external location of the enclosure 12 and is operatively
coupled to a force receiving element 46. The press rod second
end 44 is disposed within the chamber 18 and is operatively
coupled to the second end 22 of the chamber 18 with a
resilient member 45. The resilient member 45 comprises any
component or arrangement that resiliently biases the press
rod 40 to an initial position, such as a spring or sealed com-
pressible fluid container, for example. A portion of the press
rod outer surface 42 comprises a threaded portion 48 that is
engaged with the hollow portion 38 of the piston 28, which
also includes a threaded region. Alternative engagement
arrangements between the piston 28 with the press rod outer
surface 42 are contemplated. In one embodiment, engage-
ment is facilitated by a plurality of balls of a ball-screw
arrangement.

In addition to providing an operative coupling between the
piston 28 and the press rod 40, the threaded engagement
allows the piston 28 to be adjusted in the longitudinal direc-
tion 24 upon rotation of the piston 28. Such rotation is facili-
tated by the inclusion of an adjustment component 50 opera-
tively coupled to the rod portion 30 of the piston 28.
Specifically, the adjustment component 50 is positioned
along a length of the rod portion 30 and in one embodiment at
anend 52 of the rod portion 30. The adjustment component 50
may be operatively coupled to the rod portion 30, and there-
fore the piston 28, or may be integrally formed with the rod
portion 30 and the piston 28. Irrespective of the precise struc-
tural formation, the adjustment component 50 is configured to
be rotated, thereby causing rotation of the piston 28 around
the press rod outer surface 42, and more particularly around
the threaded portion 48. As the piston 28 is rotated, the piston
28 and rod portion 30 are translated in the longitudinal direc-
tion 24 toward either the first end 20 or the second end 22 of
the chamber 18, depending on the direction of rotation. The
adjustment component 50 is located at a location external to
the chamber 18, such that an operator or machine may easily
interact with the adjustment component 50. In one embodi-
ment, as shown in FIG. 2, the adjustment component 50 is a
hexagonal nut that may be easily manipulated with a tool,
such as a wrench, for example. It is to be appreciated that the
adjustment component 50 includes a continuation of the hol-
low portion 38, such that the press rod 40 is retained therein as
well.

Adjustment of the piston 28 in the longitudinal direction 24
in the manner described above facilitates adjustment of the
initial position of the piston 28. Due to the tapered portion 26
of the inner wall 16, this axial adjustment allows adjustment

10

15

20

25

30

35

40

45

50

55

60

65

4

of a gap 54, which may also be referred to herein as a gap,
defined by a piston outer surface 56 and the inner wall 16. It
is to be appreciated that translation of the piston 28 toward the
firstend 20 ofthe chamber 18 increases the distance of the gap
54. Conversely, translation of the piston 28 toward the second
end 22 ofthe chamber 18 decreases the distance of the gap 54.
Adjustment of the gap 54 is significant based on the depen-
dency of the dampening force on this variable. Specifically,
the dampening force may be expressed with the following
equation:

3anLD®y
F=—n°on—
48

where 1) represents the viscosity of the fluid; L. represents
the length of the piston 28; D represents the diameter of the
piston 28; 3 represents the gap 54 between the piston 28 and
the inner wall 16; and v represents the velocity of the piston
28.

It can be seen from the equation above that the gap 54 is an
important variable in determining the dampening force. The
other variables cannot be readily adjusted without an over-
haul of the piston dimensions and/or the viscosity of the fluid,
etc. By adjusting the gap 54, an initial position of the piston 28
may be achieved to obtain a desirable dampening force. The
desirable dampening force will depend on the particular
application of use and is useful in setting mechanical charac-
teristics of the overall system.

Advantageously, the embodiments described above pro-
vide a continuously gradual adjustment of the piston 28, and
therefore the gap 54, in contrast to a step adjustment of an
incremental value. The threaded relationship between the
piston 28 and the press rod 40 facilitates gradual adjustment
over the entire range of the threaded portion 48.

As illustrated in the flow diagram of FIG. 3, and with
reference to FIGS. 1 and 2, a method of adjusting an initial
position of a piston of a hydraulic damper 100 is also pro-
vided. The hydraulic damper 10 and associated structural
components have been described above, such that additional
description is not necessary. The method of adjusting an
initial position of a piston of a hydraulic damper 100 includes
engaging an adjustment component integrally formed with an
end of a piston configured to rotate about a threaded engage-
ment with an outer surface of a press rod 102. The method
also includes translating the piston in a longitudinal direction
upon rotation of the adjustment component 104. The method
further includes adjusting a gap between the piston and an
inner wall of a chamber upon translation of the piston in the
longitudinal direction.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.
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The invention claimed is:

1. A hydraulic damper for an electrical switching apparatus
comprising:

a damper enclosure including an inner wall;

a chamber defined by the inner wall, the chamber having a

first end, a second end;

atapered portion of the chamber extending from a tapered
portion initial end to a tapered portion terminal end, the
tapered portion angled inwardly in a direction from the
first end toward the second end of the chamber;

a press rod at least partially disposed within the chamber,
wherein the press rod is operatively coupled to the sec-
ond end of the chamber with a resilient member;

a piston having a piston outer surface and disposed within
the chamber and having an initial position adjustable in
a longitudinal direction of the chamber, the piston
adjustable relative to the press rod using an adjustment
component; and

a gap defined by the piston outer surface and the inner wall,
wherein adjustment of the piston in the longitudinal
direction adjusts the gap.

2. The hydraulic damper of claim 1, the piston having a
hollow portion, the press rod located within the hollow por-
tion of the piston.

3. The hydraulic damper of claim 2, wherein the press rod
comprises a threaded portion along a press rod outer surface,
the piston in mechanical engagement with the threaded por-
tion.

4. The hydraulic damper of claim 3, wherein the adjust-
ment component is located along a length of the piston.

5. The hydraulic damper of claim 4, wherein the adjust-
ment component is integrally formed with the piston.

6. The hydraulic damper of claim 4, wherein the adjust-
ment component includes an outer surface having a hexago-
nal geometry.

7. A hydraulic damper enclosure comprising:

achamber defined by an inner wall of the hydraulic damper
enclosure and having a first end and a second end, the
chamber extending in a longitudinal direction of the
hydraulic damper enclosure;

a tapered portion of the chamber defining a varying cross-
sectional area;

apress rod disposed within the chamber, wherein the press
rod is operatively coupled to the second end of the cham-
ber with a resilient member;
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a piston having a piston outer surface and disposed within

the chamber proximate the tapered portion; and

an adjustable gap defined by the piston outer surface and

the inner wall, wherein the gap is adjustable using an
adjustment component that moves the piston relative to
the press rod.

8. The hydraulic damper of claim 7, the piston having a
hollow portion, wherein a portion of the press rod is located
within the hollow portion.

9. The hydraulic damper of claim 8, wherein the piston is
operatively coupled to the press rod.

10. The hydraulic damper of claim 8, wherein the press rod
comprises a threaded portion along a press rod outer surface,
the piston in mechanical engagement with the threaded por-
tion.

11. The hydraulic damper of claim 10, wherein the adjust-
ment component is located along a length of the piston and
configured to facilitate rotation of the piston.

12. The hydraulic damper of claim 11, wherein the adjust-
ment component is integrally formed with the piston.

13. The hydraulic damper of claim 11, wherein the adjust-
ment component includes an outer surface having a hexago-
nal geometry.

14. A method of adjusting an initial position of a piston of
a hydraulic damper, the method comprising:

engaging an adjustment component operatively coupled to

an end of a piston configured to rotate about a threaded
engagement,
translating the piston in a longitudinal direction upon rota-
tion of the adjustment component, the piston translating
relative to a press rod extending through the piston; and

adjusting a gap defined by a piston outer surface and an
inner wall of a chamber upon translation of the piston
relative to the press rod in the longitudinal direction,
wherein the chamber has a first end and a second end,
wherein a tapered portion of the chamber extends from a
tapered portion initial end to a tapered portion terminal
end, wherein the tapered portion is angled inwardly in a
direction from the first end toward the second end of the
chamber, and wherein the press rod is operatively
coupled to the second end of the chamber with a resilient
member.



